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(57) ABSTRACT 

A semiconductor memory device has a dynamic memory 
element constructed of a capacitor and a transistor; and a 
refresh timer circuit for automatically recharging the 
dynamic memory element at periodic time intervals corre 
sponding to an electric charge holding time of the dynamic 
memory element which changes in accordance with an 
ambient temperature. Since the refresh timer circuit includes 
a current bias circuit for varying an electric current in 
accordance with the ambient temperature and an oscillation 
circuit for oscillating at a frequency corresponding to the 
electric current of the current bias circuit, the refresh cycle 
time changes in response to ambient temperature changes, 
thus reducing the requisite current capacity of the memory 
device power supply. 

2 Claims, 5 Drawing Sheets 
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1. 

SEMCONDUCTOR MEMORY DEVICE 
WITH REFRESHTMER CRCUT 

BACKGROUND OF THE INVENTION 

The present invention relates to a semiconductor memory 
device including a dynamic memory element. 
A memory operation of a dynamic memory element 

composed of one capacitor and one transistor is performed 
by, as known well, supplying the capacitor with electric 
charges and thus holding bit data in this state. The electric 
charges, i.e., the data, supplied to the capacitor are dissipated 
with a passage of time due to a leak current from insulating 
films constituting the transistor and the capacitor. For this 
reason, the semiconductor memory device including the 
dynamic memory element is so constructed that the capaci 
tor is automatically recharged (refresh operation) at an 
interval of a fixed time by providing a refresh timer circuit. 
The dissipation of the data is thus prevented. 
The prior art will hereinafter be described with reference 

to FIGS., 12 and 13. FIG. 12 is a circuit diagram illustrating 
a unit of the dynamic memory element. FIG. 13 is a 
characteristic diagram showing a temperature characteristic 
of an electric charge holding time of the conventional 
dynamic memory element versus a refresh cycle. 

FIG. 12 illustrates a dynamic memory element 1 formed 
on a silicon semiconductor substrate. This dynamic memory 
element 1 comprises a transistor 4, having a gate connected 
to a Switching line 2 and a source connected to a data line 
3, for performing a switching operation. The dynamic 
memory element 1 also comprises a capacitor 5 connected 
between a drain of this transistor 4 and the ground. The 
numeral 6 designates a gate insulting film of the transistor 4, 
and the numeral 7 represents an electrode-to-electrode insu 
lating film interposed between electrodes of the capacitor 5. 
Both of these insulating films are formed of silicon oxide 
(SiO2). 
A plurality of dynamic memory elements 1 are provided 

on a semiconductor substrate together with other unillus 
trated circuit elements and wiring, thus constituting a semi 
conductor memory device. 

In such a dynamic memory element1, the electric charges 
supplied to the capacitor 5 flow in the form of a leak current. 
Then, the leak current increases with a rise in temperature, 
and, therefore, it follows that an electric charge holding time 
X of the dynamic memory element 1, as indicated by the 
solid line in FIG. 13, changes to increase when at a low 
temperature but decrease when at a high temperature. From 
the above-mentioned, a refresh operation of the dynamic 
memory element 1 is carried out in a predetermined electric 
charge holding time and is assured within a predetermined 
temperature range. 
On the other hand, the refresh timer circuit for performing 

the refresh operation of the dynamic memory element 1 via 
the data line 3 is typically constructed of a transistor, and the 
refresh cycle receives almost no influence by the tempera 
ture. 

For this reason, a refresh cycle C0 of the thus constructed 
refresh timer circuit is set based on the shortest electric 
charge holding time with a maximum temperature value 
TMAX falling within the temperature range defined as an 
operation assurance range. More specifically, for example, if 
the operation assurance range is from 0° C. to 80° C., the 
refresh cycle C0 is set to a fixed time Xco shorter than an 
electric charge holding time X80 when the maximum tem 
perature value TMAX=80° C. Note that the refresh cycle C0 
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2 
is indicated by the solid line in FIG. 9, and there exists a 
difference on the order of substantially two digits between 
the electric charge holding time X80 when the maximum 
temperature value TMAX-80° C. and an electric charge 
holding time X00 when the minimum temperature value 
TMN-0° C. 

However, the operation of the semiconductor memory 
device having the above dynamic memory elements 1 and 
the refresh timer circuit is often effected within a range of, 
e.g., 20° C. through 40° C. that is a narrower temperature 
range than the operation assurance range, the electric charge 
holding time at the operation-often-conducted temperatures 
20° C. through 40° C. is as long as X20 through X40. 
Nevertheless, it follows that the refresh operation is carried 
out with the initially-set short time Xc0 serving as the 
refresh cycle C0. 

Performing such a refresh operation entails an increase in 
cumulative quantity of the electric current required for 
refreshing because of effecting the refreshing at a more 
increased frequency than needed. This therefore requires a 
refresh power supply having a large current capacity, and, 
when a battery is used, a large-sized battery having the large 
capacity has to be employed, or alternatively the battery has 
to be charged or replaced at an increased frequency. Note 
that when constructing the semiconductor memory device 
with the operating temperature range made narrower in 
conformity with individual operating conditions, the gener 
alization of the semiconductor memory device for use is 
restricted. 

As stated above, according to the prior art, the refresh 
operation of the dynamic memory element is assured in the 
temperature range broader than an actual operation range, 
and, hence, the large-capacity poser supply is needed. 
Besides, the semiconductor memory device involves the use 
of the battery as a power supply is brought into such a 
situation that the battery is replaced at the increased fre 
quency. 

SUMMARY OF THE INVENTION 

It is an object of the present invention, which was devised 
under such circumstances, to provide a semiconductor 
memory device capable of decreasing a capacity of a power 
supply for a refresh operation and easily dealing with the 
power supply. 

According to the present invention, there is provided a 
semiconductor memory device comprising: 

a dynamic memory element constructed of a capacitor and 
a transistor, and 

a refresh timer circuit for changing a refresh cycle with 
respect to said dynamic memory element, correspond 
ing to an electric charge holding time of said dynamic 
memory element which changes in accordance with a 
temperature. 

The refresh timer circuit preferably includes: a current 
bias circuit for changing an electric current in accordance 
with the temperature, and an oscillation circuit for oscillat 
ing a frequency corresponding to the electric current of said 
current bias circuit. 
The current bias circuit preferably includes a resistance 

component exhibiting a temperature dependent characteris 
tic in terms of a resistance value. 

In the semiconductor memory device according to the 
present invention, a refresh cycle of a refresh timer circuit 
changes corresponding to a variation in electric charge 
holding time of a dynamic memory element in accordance 
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with an ambient temperature. Accordingly, when the semi 
conductor memory device including the dynamic memory 
element performs a memory operation at a temperature 
within an operation assurance range thereof, the refresh 
cycle of the refresh timer circuit, corresponding to the 
electric charge holding time of the dynamic memory ele 
ment at the temperature during this operation, changes to a 
cycle having a proper value but longer than the refresh cycle 
set short enough to satisfy the refresh operation at every 
temperature within the operation assurance range. For this 
reason, a replacement frequency of a battery-used power 
supply decreases, and consequently the power supply 
becomes easier to deal with. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Other objects and advantages of the present invention will 
become apparent during the following discussion in con 
junction with the accompanying drawings, in which: 

FIG. 1 is a circuit diagram illustrating a current mirror 
type refresh timer circuit in a first embodiment of the present 
invention; 

FIG. 2 is a schematic sectional view of the principal 
portion in the first embodiment of the present invention; 

FIG. 3 is a characteristic diagram showing a temperature 
characteristic of a refresh cycle of the current mirror type 
refresh timer circuit versus an electric charge holding time 
of a dynamic memory element in the first embodiment of the 
present invention; 

FIG. 4 is a circuit diagram illustrating a current bias 
circuit of the current mirror type refresh timer circuit in a 
second embodiment of the present invention; 

FIG. 5 is a characteristic diagram showing a temperature 
characteristic of the refresh cycle of the current mirror type 
refresh timer circuit versus the electric charge holding time 
of the dynamic memory element in the second embodiment 
of the present invention; 

FIG. 6 is a circuit diagram illustrating a first example of 
modification of the embodiment shown in FIG. 4; 

FIG. 7 is a circuit diagram showing a second example of 
modification of the embodiment shown in FIG. 4; 

FIG. 8 is a circuit diagram illustrating a current bias 
circuit of the current mirror type refresh timer circuit in a 
third embodiment of the present invention; 

FIG. 9 is a characteristic diagram showing a temperature 
characteristic of the refresh cycle of the current mirror type 
refresh timer circuit versus the electric charge holding time 
of the dynamic memory element in the third embodiment of 
the present invention; 

FIG. 10 is a circuit diagram illustrating a first example of 
modification of the embodiment shown in FIG. 8: 

FIG. 11 is a circuit diagram showing a second example of 
modification of the embodiment shown in FIG. 8: 

FIG. 12 is a circuit diagram illustrating a unit of a 
conventionally employed dynamic memory element; and 

FIG. 13 is a characteristic diagram showing a temperature 
characteristic of an electric charge holding time of the 
conventional dynamic memory element versus a refresh 
cycle. 

DETALED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

Embodiments of the present invention will hereinafter be 
discussed with reference to the drawings. 
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4 
To start with, a first embodiment will be described with 

reference to FIGS. 1 through 3. FIG. 1 is a circuit diagram 
of a current mirror type refresh timer circuit 10. FIG. 2 is a 
schematic sectional view of the principal portion of a 
semiconductor memory device in which the circuit of FIG. 
1 is actualized. FIG. 3 is a temperature characteristic dia 
gram showing a refresh cycle of the current mirror type 
refresh timer circuit versus an electric charge holding time 
of a dynamic memory element. 

Referring to FIG. 1, the current mirror type refresh timer 
circuit 10 defined as the principal portion of the present 
invention is constructed of a current bias circuit 20, a ring 
oscillator 40 and a buffer circuit 50. An output dT is 
supplied from the buffer circuit 50 via a data line to a 
memory cell array 100 inclusive of the dynamic memory 
element shown in FIG. 12. 

The current bias circuit 20 is constructed in such a way 
that a self-biased p-channel MOS transistor 21, a resistance 
element R11 serving as a resistance component R1 and a 
self-biased n-channel MOS transistor 31 are connected in 
series between a power supply Vcc and the ground. The ring 
oscillator 40 is constructed such that n-stages of inverters 
411-41 are connected in series, and an output of the last 
stage is fedback to the first stage. Respective capacitors 
421-42 are provided between the output sides of the 
individual stages and the ground. 
The buffer circuit 50 is constructed of a NAND circuit 51 

inputting a last stage output of the ring oscillator 40 and a 
middle stage output of the same logic, a NOR circuit 52, a 
p-channel MOS transistor 53 which gate-inputs an output of 
the NAND circuit 51, an n-channel MOS transistor 54 
connected in series to this p-channel MOS transistor 53 and 
gate-inputting an output of the NOR circuit 52, and an 
inverter 55 having an input point which is a connection 
mid-point between these two MOS transistors 53 and 54. 
Each of the above inverters 41-41, NAND circuit 51 

and NOR circuit 52 is CMOS-structured, and operations 
thereof are controlled by p-channel MOS transistors 
43-43, 56, 57 having; their gates connected in common to 
the p-channel MOS transistor 21 and n-channel MOS tran 
sistors 44-44 58,59. Accordingly, when a current value 
changes due to a variation in resistance value, gate voltages 
of these control transistors vary, with the result that an 
output of the refresh timer circuit also changes. 

FIG. 2 is a schematic sectional view illustrating a struc 
ture of the current bias circuit 20. An n-well 12 and a p-well 
13 are provided on a silicon semiconductor substrate 11 so 
as to interpose a cell separation film 14 therebetween. These 
wells 12, 13 are formed with the p-channel MOS transistor 
21 and the n-channel MOS transistor 31, respectively. p" 
diffused layers 22, 23 serving as a source and a drain are 
formed on the surface of the n-well 12, wherein a channel 
area is interposed therebetween. A gate electrode 25 is 
formed on the channel area with a gate insulating film 24 
being sandwiched therebetween. Further, n' diffused layers 
32, 33 are formed on the surface of the p-well 13, wherein 
a channel area is interposed therebetween. A gate electrode 
35 is formed on the channel area with a gate insulating film 
34 being sandwiched therebetween. These gate electrodes 
25, 35 are formed of polycrystalline silicon into which 
phosphorus (P) is ion-implanted. 

Also, the resistance element R11 is formed by layering the 
polycrystalline silicon undergoing no ion implantation in 
areas different from the gate electrodes 25, 35 of the 
transistors 21, 31. One side of this resistance element R11 is 
connected via a line of aluminum wiring 30 to the gate 
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electrode 25 of the p-channel MOS transistor. 21 and the 
source or drain 23 thereof. The other side of the resistance 
element R11 is connected to the gate electrode 35 of the 
n-channel MOS transistor 31 and the source or drain 32 
thereof. Further, the other source or drain 22 of the p-channel 
MOS transistor 21 is connected to the power supply Vcc, 
and the other source or drain 33 of the n-channel MOS 
transistor 31 is grounded. 

Moreover, the resistance element R11 is formed of the 
polycrystalline silicon which is not subjected to the ion 
implantation but is a high resistance element having a larger 
temperature coefficient. This high resistance element exhib 
its a resistance value variation on the order of substantially 
one or two digits (10 times-100 times) between 0° C. and 
100° C. 

A refresh cycle Ca of the thus constructed current mirror 
type refresh timer circuit 10 exhibits such a characteristic 
that the cycle is shortened with an increase in the tempera 
ture T as indicted by the solid line in FIG. 3. It is because 
the current in the current bias circuit 20 changes due to a 
variation in the resistance value of the resistance element, 
and therefore, an oscillation frequency of the ring counter 40 
changes. Incidentally, a difference on the order of substan 
tially two digits is produced in the refresh cycle Ca in a 
temperature range of 0° C. to 80° C. Further, FIG. 3 
illustrates an electric charge holding time Xindicated by the 
broken line. In a comparison therebetween, the variation in 
the refresh cycle Ca is substantially the same as a relation 
ship between the temperature T of the dynamic memory 
element constructed, as in the same way with the explana 
tion in the prior art, of one capacitor and one transistor and 
the electric charge holding time X of the capacitor; and the 
refresh cycle is shorter than the electric charge holding time 
X at the same temperature. 

Accordingly, the current mirror type refresh timer circuit 
10 performs arefresh operation of the unillustrated dynamic 
memory element formed on the same silicon semiconductor 
substrate 11. The refresh operation of this dynamic memory 
element is, when the memory operation is effected at the 
temperature Tal within a temperature range defined as an 
operation assurance range, conducted at a refresh cycle Ca1 
shorter than an electric charge holding time Xal of the 
capacitor at a temperature Tal at that time. Then, when an 
operating atmosphere changes to a temperature Ta2, the 
electric charge holding time of the dynamic memory ele 
ment correspondingly changes to Xa2, and, at the same time, 
the refresh cycle also changes to Ca2 shorter than the electric 
charge holding time Xa2. 
As discussed above, in accordance with this embodiment, 

the refresh cycle Ca of the current mirror type refresh timer 
circuit 10 always changes corresponding to variations in the 
operating atmosphere temperature T. Then, the refresh 
operation of the dynamic memory element is executed in the 
electric charge holding time, and, hence, a frequency of the 
refresh operation becomes adequate at each temperature 
within the operation assurance range, with the result that an 
extra current does not flow. Hence, the power supply for the 
refresh operation is not required to have a large capacity at 
all times, but the one having a proper capacity conforming 
with operating conditions may be selected. 

Also when the power supply involves the use of a battery 
cell, this is not required to be large in size enough to have 
a large battery capacity; or a frequency of charging or 
replacing the battery may be small. 

Furthermore, there is no necessity in which the semicon 
ductor memory device is constructed to narrow the operating 
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6 
temperature range in conformity with the operating condi 
tions, but the specifications of the semiconductor memory 
device can be generalized for use. 

Note that the resistance element R11 is formed of the 
polycrystalline silicon undergoing no ion implantation but 
may be formed of the polycrystalline silicon into which ions 
are implanted with a low density, and the variations in the 
resistance value versus the temperature may be caused with 
substantially the same tendency as the variations in the 
electric charge holding time of the capacitor of the dynamic 
memory element. 

Next, a second embodiment will be described with ref. 
erence to FIGS. 4 and 5. FIG. 4 is a circuit diagram 
illustrating a current bias circuit of the current mirror type 
refresh timer circuit. FIG. 5 is a temperature characteristic 
diagram showing a refresh cycle versus an electric charge 
holding time of the dynamic memory element. 

FIG. 4 illustrates a current bias circuit 60 of the current 
mirror type refresh timer circuit constructed the same as the 
first embodiment. In this current bias circuit 60, a resistance 
component R2 is connected between source and drain areas 
of each of the p-channel MOS transistor 21 and the n-chan 
nel MOS transistor 31. This resistance component R2 is 
composed of resistance elements R21, R22 connected in 
parallel. 

These resistance elements R2, R22 are formed in areas 
different from the gate electrodes of the transistors 21, 31. 
The resistance element R21 is formed by layering the 
polycrystalline silicon undergoing no ion implantation, but 
the resistance element R22 is formed of the polycrystalline 
silicon into which the phosphorus (P) is ion-implanted with 
a predetermined density. The resistance component R2 com 
posed of the resistance elements R21, R22 thereby exhibits 
a resistance value variation of one or more digits (10 times 
or greater) between 0° C. and 100° C., wherein the variation 
in the resistance value with respect to the variation in the 
temperature is smaller on a lower temperature side including 
normal temperatures of 20° C. through 40°C. than on a high 
temperature side. 

For this reason, a refresh cycle Cb of the current mirror 
type refresh timer circuit 10 including the resistance com 
ponent R2 becomes as indicated by the solid line in FIG. 5. 
That is, the refresh cycle Cb is determined by the resistance 
value of the resistance element R22 composed of the ion 
implanted polycrystalline silicon on the low temperature 
side inclusive of the normal temperatures of 20° C. to 40°C., 
and the variation with respect to the variation in the tem 
perature is small. Whereas on the high temperature side, the 
refresh cycle Cb is determined by the resistance value of the 
resistance element R21 undergoing no implantation, and the 
cycle becomes shorter with a higher temperature T. Inciden 
tally, a difference on the order of substantially one digit can 
be seen in the refresh cycle Cb in the temperature range of 
0° C. through 80° C. 

Then, this refresh cycle Cb is shorter than the electric 
charge holding time Xat the same temperature T of the same 
dynamic: memory element as that explained in the prior art, 
and the refresh operation of the dynamic memory element is 
performed in the electric charge holding time. Note that a 
point Ain FIG. 5 shows a point at which the resistance value 
of the resistance element R21 is equal to that of the resis 
tance element R22. A position of the point A can be shifted 
by properly setting the resistance values of the resistance 
elements R21, R22. Further, the electric charge holding time 
X is shown by the broken line in FIG. 5. 

In accordance with this embodiment, the current mirror 
type refresh timer circuit having the thus constructed current 
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bias circuit 60 performs the refresh operation of the dynamic 
memory element formed on the same silicon semiconductor 
substrate as this. The refresh operation of this dynamic 
memory element is, when the memory operation is effected 
at temperatures Tb1, Tb2 on a low temperature side of the 
operation assurance range, conducted at refresh cycles Cb1, 
Cb2 shorter than electric charge holding times Xb1, Xb2 of 
the capacitor. Also, a difference between the two refresh 
cycles Cb1 and Cb2 is small. 

Further, even when at a temperature Tb3 higher than the 
above-mentioned, the refresh operation is carried out at a 
refresh cycle Cb3 shorter than an electric charge holding 
time Xb3 of the capacitor. On the high temperature side, 
however, a variation in the refresh cycle Cb with respect to 
the variation in the temperature is larger than on the low 
temperature side. 

Accordingly, in this embodiment, the variation in the 
refresh cycle Cb decreases in such a temperature area that a 
using frequency is high, e.g., at the normal temperatures of 
20° C. through 40° C. It is possible to stabilize the current 
consumed by the refresh operation, and, at the same time, 
the same action and effects as those in the first embodiment 
can be obtained. 

FIGS. 6 and 7 illustrate examples of modification of the 
embodiment shown in FIG. 4. 

Referring to FIG. 6, the resistance element R21 is divided 
into resistance subelements R21, R21". The resistance sub 
element R21" is grounded, while the resistance subelement 
R21" is connected to the power supply. The resistance 
element R22 is divided into resistance subelements R22', 
R22". The resistance subelement R22 is grounded, while the 
resistance subelement R22" is connected to the power sup 
ply. 

Referring further to FIG. 7, the resistance element R21 of 
the two resistance elements is grounded, while the resistance 
element R22 is connected to the power supply. 
The operation can be performed at a still lower voltage by 

effecting such divisions. 
Next, a third embodiment will be discussed with reference 

to FIGS. 8 and 9. FIG. 8 is a circuit diagram illustrating a 
current bias circuit 70 of the current mirror type refresh 
timer circuit. FIG. 9 is a characteristic diagram showing a 
temperature characteristic of a refresh cycle versus an elec 
tric charge holding time of the dynamic memory element. 

In the current bias circuit 70, shown in FIG. 8, of the 
current mirror type refresh timer circuit constructed the 
same as the one in the first embodiment, a resistance 
component R3 is connected between source and drain areas 
of the p-channel MOS transistor 21 and the n-channel MOS 
transistor 31. The resistance component R3 is composed of 
a resistance element R31 connected in parallel, a resistance 
element R32 and a resistance element R33 connected in 
series to these resistance elements R31, R33. 
These resistance elements R31, R32, R33 are formed by 

layering the polycrystalline silicon into which the ions are 
not implanted in areas different from the gate electrodes 25, 
35 of the transistors 21, 31. The resistance elements R32, 
R33 are formed of the polycrystalline silicon into which the 
phosphorus (P) is ion-implanted with a predetermined den 
sity. The resistance component R3 composed of the resis 
tance elements R31, R32 exhibits a resistance value varia 
tion of one or more digits (100 times or greater) between 0° 
C. and 100 C., wherein the variation in the resistance value 
with respect to the variation in the temperature on the high 
temperature side showing a relatively high value as well as 
on the low temperature side including the normal tempera 
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8 
tures of 20° C. through 40° C. is smaller than in an 
intermediate temperature area therebetween. 

For this reason, a refresh cycle Co of the current mirror 
type refresh timer circuit having the resistance component 
R3 becomes as indicated by the solid line in FIG. 7. More 
specifically, on the low temperature side including the 
normal temperatures of 20° C. through 40° C. lower than a 
temperature at a point B, the refresh cycle Cs is determined 
by the resistance elements R31, R32 and exhibits a small 
variation with respect to the variation in the temperature. 
Further, on the higher temperature side than a temperature at 
a point C, the refresh cycle CC is determined by the 
resistance element R33 and, similarly, exhibits the small 
variation with respect to the variation in the temperature. 
Furthermore, in the intermediate temperature area between 
the point B and the point C, the refresh cycle Ce becomes 
shorter with an increase in the temperature T. Incidentally, a 
difference on the order of substantially one digit can be seen 
in the refresh cycle Co within the temperature range of 0°C. 
through 80° C. 

Then, this refresh cycle Co is shorter than the electric 
charge holding time X at the same temperature Tof the same 
dynamic memory element as the one explained in the prior 
art. The refresh operation of the dynamic memory element 
is conducted in the electric charge holding time. Note that 
FIG.7 shows the electric charge holding time Xindicated by 
the broken line. 

The memory device in this embodiment is thus con 
structed, and, hence, the current mirror type refresh timer 
circuit including the current bias circuit 70 performs the 
refresh operation of the dynamic memory element formed 
on the same silicon semiconductor substrate as this. The 
refresh operation of this dynamic memory element is, when 
the memory operation is conducted attemperatures Tcl, Tc2 
on the low temperature side within the operation assurance 
range, carried out at refresh cycles Cc1, Cc2 shorter than 
electric charge holding times Xcl, Xc2 of the capacitor. 
Further, a difference between the two refresh cycles Cc1 and 
Co2 is small. 

For this reason, in accordance with this embodiment, the 
variation in the refresh cycle Co decreases in the temperature 
area having a high using frequency, e.g., at the normal 
temperatures of 20° C. to 40 C., and the same action and 
effects as those in the second embodiment are obtainable. 
FIGS. 10 and 11 illustrate examples of modification of the 

embodiment shown in FIG. 8. 
Referring to FIG. 10, the resistance elements R31, R32 

connected in parallel are separated from the resistance 
element R33. The resistance elements R31, R32 connected 
in parallel are grounded in common, and the resistance 
element R33 is connected to the power supply. Referring 
further to FIG. 11, the resistance element R31 is divided into 
resistance subelements R31', R3A. The resistance element 
R32 is divided into resistance subelements R32, R32". 
Besides, the resistance subelements R31', R32 are grounded 
in common, and the resistance subelements R31", R32" are 
connected to the power supply in common. 
The operation can be done at a still lower voltage by 

effecting such divisions. 
The embodiments have presented some examples. The 

present invention is, however, not confined to only the 
embodiments discussed above but properly modifiable in the 
scope of the invention without departing from the gist 
thereof. 
What is claimed is: 
1. A semiconductor memory device comprising: 
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a dynamic memory element including a capacitor and a 
transistor; 

a refresh timer circuit for recharging said dynamic 
memory element at periodic time intervals correspond 
ing to an electric charge holding time of the dynamic 
memory element, which varies in accordance with 
ambient temperature, 

wherein the refresh timer circuit includes: 
a current bias circuit for varying an electric current in 

accordance with changing ambient temperature, said 
current bias circuit having a resistance component 
constructed by connecting in parallel a first resis 
tance element exhibiting a resistance value variation 
that is 10 times or above between 0°C, and 100° C. 
and a second resistance element exhibiting a resis 

10 

10 
tance value variation that is 10 times or under 
between 0° C. and 100° C.; and 

an oscillation circuit for oscillating at a frequency 
corresponding to the electric current of the current 
bias circuit. 

2. A semiconductor memory device according to claim 1, 
wherein the current bias circuit further includes a P channel 
transistor and an N channel transistor connected in series via 
the resistance component, whereby different electric cur 
rents flow through the Pand N channel transistors due to the 
resistance value variations of the first and second resistance 
elements. 


